Abstract
Introduction

40
Satellite observations of solar backscatter are widely used as a source of information on 
Radiative transfer calculations
154
The sensitivity of satellite observations of NO2 to its vertical distribution is calculated 155 here using the LIDORT radiative transfer model (Spurr, 2002) . The model is used to calculate 156 scattering weights, which quantify the sensitivity of backscattered solar radiation to NO2 at 157 different altitudes (Martin et al., 2002; Palmer et al., 2001) . The observation sensitivity to lower 158 tropospheric NO2 is represented by the air mass factor. Air mass factors for OMI satellite 159 observations in January 2013 are calculated as a useful analog for future TEMPO observations as 160 both instruments are spectrometers observing reflected sunlight at UV to visible wavelengths.
161
AMFs are calculated at 440 nm, at the centre of the NO2 retrieval window for OMI and TEMPO
162
where NO2 has strong absorption features. Vertical NO2 profiles, and other trace gas and aerosol 163 profiles needed for the AMF calculation shown here, are obtained from a simulation of the 164 GEOS-Chem chemical transport model version 11-01 (www.geos-chem.org).
165
Figure 1 shows maps of snow-free and snow-covered reflectances used here. Snow-free 166 surface reflectance at 470 nm is provided by Nadir BRDF-Adjusted reflectances from the 167 MODIS CMG Gap-Filled Snow-Free Products (Sun et al., 2017) . Reflectivities at 354 nm for 168 snow-covered scenes are derived from OMI observations as described by O'Byrne et al. (2010) .
169
While this wavelength is different than the 440 nm wavelength used to calculate AMFs, snow 170 reflectivity has weak spectral dependence in UV-Visible wavelengths (Feister and Grewe, 1995;  
Methods
174
Here we test daily snow cover products for 2015. Snow products are regridded from their 175 native resolutions to a common 4 km grid (similar to the spatial resolution of TEMPO). A grid 176 box is considered to be snow covered if any observations within that box are snow covered.
177
MAIAC, NISE, and IMS give only a yes/no flag for presence of snow. MODIS products provide 178 a pixel snow fraction, and we consider any pixels with nonzero snow fractions as snow covered.
179
Any CMC grid box with nonzero snow depth is considered snow covered. We assess the snow data sets using metrics that are commonly used for evaluating binary 187 data sets (Rittger et al., 2013) . These metrics are based on the possible outcomes for identifying 
189
Accuracy measures the likelihood that a grid box, with snow or without, is correctly classified:
Precision is the probability that a region identified as snow-covered has snow:
Recall is the likelihood that snow cover is detected when present:
The F score balances recall (which accounts for false negatives) and precision (which accounts snow-free periods, and therefore is the metric which is most relevant for TEMPO:
Results
196
We first examine the effect of surface reflectivity on retrieval sensitivity by using the that AMF values increase over 69% of the land surface within the TEMPO domain.
218
We next examine the snow datasets to identify the one most suited for the TEMPO 219 retrieval algorithm. Figure 4 shows the spatial distribution of false positives and false negatives 220 in the data sets. In all data sets, both false positives and negatives are most frequent over 221 mountainous regions, particularly in the Rocky Mountain region, consistent with previous 222 validation studies (Chen et al., 2012 (Chen et al., , 2014 Frei et al., 2012; Frei and Lee, 2010 Figure 5 shows the metrics used to evaluate data set performance. addition to a strong agreement with in situ measurements and near-real-time updates, make IMS 279 best suited for informing TEMPO retrievals.
280
We next examine the effect on both spatial sampling and sensitivity to the lower to observe tropospheric NO2. However, the lack of confidence in snow identification has 299 previously led many retrieval procedures to omit observations over snow. We show that 300 increasing this confidence such that these observations could be included not only improves 301 spatial and temporal sampling, but also allows the inclusion of observations with higher quality 302 information on the lower troposphere.
303
We evaluated seven snow extent data sets to determine their usefulness for informing observations are used as "truth". All products are regridded to a common 25 km resolution. The 557 highest value for each metric is shown in bold.
